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The NATURAL Space Radiation
Environment
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What is the Space Radiation
Environment Hazard?

Energetic particles

Protons. Electrons, Heavy ions (ex., charged Fe ion)
Particles can come from the Sun

—- Ex., Solar events

Particles can be “trapped”

Located within a magnetic field

Ex., Van Allen Belts

Particles can come from somewhere else in the galaxy

Near-Earth Space Radiation
Environment

Galactic Cosmic Rays (GCRs)
\ 4 Earth
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Solar Particie Events

Holloman AFB/SOON

+ Cyclical (Solar Max, Solar Min)
— 11-year AVERAGE (9 to 13)
— Solar Max is more active time period
* Two types of events
— Gradual (Coronal Mass Ejections — —
CMEs)
« Proton rich
— impuisive (Solar Filares)
+ Heavy ion rich

Sunspot Cycle:
An Indicator of the Solar Cycle
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Solar Proton Event - October 1989

Proton Fluxes — “99% Worst Case Event”

Free-Space Particles: Galactic
Cosmic Rays (GCRs) or Heavy
lons

* Definition
— AGCRon is a charged particle CREME 96, Solar Minimum, 100 mils (2.54 mm) Al
(H, He, Fe, etc)
— Typically found in free space
{galactic cosmic rays or GCRs)
+ Energies range from MeV to
GeVs for particles of




Field: Proton & Electron Populations

AP-8 Proton Model AE-8 Electron Model
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A dip in the earth s dipole moment causes an asymmetry in the picture above
The South Atiantic Anomaily {SAA

SAA and Trapped Protons:
SRAM Upset Rates by Altitude Slices on CRUX/APEX

Hitachi 1M Altitude 650km - 750km Hitachi 1M Altitude 1250km - 1350km
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@ Trapped Particies in the Earth’s Magnetic




Solar Cycle Effects:
Modulator and Source

« Solar Maximum
— Trapped Proton Levels Lower,
Electrons Higher
~ GCR Levels Lower
Neutron Levels in the Atmosphere

The Environment in Action




Recent Solar Events —

A Few Notes and Implications

- In Oct-Nov of 2003, a series of X-class (X-45!) solar events took place
— High particle fluxes were noted
- Many spacecraft performed safing maneuvers
— Many systems experienced higher than normal (but correctable) data error rates
— Several spacecraft had anomalies causing spacecraft safing
— Increased noise seen in many instruments
— Drag and heating issues noted
— _instrument FAILURES occurred
— Two known spacecraft FAILURES occurred
. mwmmmsmm
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@ SOHO LASCO C2 of the Halloween
Solar Event of 2003




GOES SXI View of the Halloween Event

~ Solar Event Effect - Solar Array Power
Output Degradation on CLUSTER Spacecraft
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Seiected Other Consequences

« Orbits affected on several

spacecraft
* Power system failure Important note:
— Malmo, Sweden Effects propagated to
» High Current in power / terrestrial levels
transmission lines
— Wisconsin and New York

@ Real Estate: Location and Timing
Drive Radiation Exposure

* Location
— Where you fly and the route you take to get there impacts the
levels of radiation exposure
s GEO, LEO, Lunar, Mars, Jovian all have vastly different exposure
levels

— Where your system is within a spacecraft affects the hazard
= Shielding plays a role in reducing some radiation exposure (but
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LEO Radiation Environment
Low Inclination

* Pros « Cons
— Fly below the earth’s — Exposure to trapped particles
magnetic belts in SAA
— Limited direct exposure to * Protons can induce noise or
GCR and solar particles upsets in commercial and
~ Relatively low levels of N
particies for longer-term - Outh S

Lunar Environment

* Pros * Cons
— No trapped particles — Full exposure to GCR
* Low “quiet” day particle » Can be destructive to
levels commercial electronics
— Low level, low energy — Full exposure to solar
neutrons particles
= Created from GCR « Long-term and transient
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Radiation Environment Models

* Trapped particles (Earth)
— NASA standard is AP-8 (proton) and AE-8 (electron)
< One model for Solar Max, one for Solar Min
+ These are static averages of old data
— Updates being worked based on newer data, statistics, etc
. Boabmgﬂrappedmmyi based on NOAA/TIROS and

+ ONERA-LANL POLE model for GEO electrons
» Trapped Particles (Jovian)
— Original model from the 1380’s: Divine model (proton and

Final Remark

s Beyond the “standard” concerns of space radiation
environment for electronics/optics, solar magnetic storms
impact needs to be considered




